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E 
I. PURPOSE 

I 
These experiments were designed to 1) establish the time of maximal inhibition of DNA synthesis by 
Octopirox in Muta T”Mouse epidermis, and 2) to establish the dose-response for this effect at the 
time of maximal inhibition. 

II. SUMMARY 

Epidermal DNA synthesis in Muta l”Mouse was determined by measurrng the rncorporatton of 3H- 
thymidine Into DNA. A dose of 7.5 mg of Octopirox applied in 0.1 ml of ethanol, caused a rapid 
inhibition of epidermal DNA synthesis, with a maximal effect 2 hr after dosing. This was followed 
bY an apparent rebound to higher than control levels of DNA synthesis within 20 hr. All doses of 
Octopirox tested caused a statistically significant inhibition of epidermal DNA synthesis. The lowest 
dose (0.075 mg or 11.3 figlcmLl caused about a 60% inhibition of the incorporation of 3H- 
thymidine into DNA. Doses from 0.25 to 7.5 mg (37.5 to 1130 pg/cmil all caused a maximal 
inhibition of epidermal DNA synthesis of > 90%. 

Ill. METHODS 

Materials 

Octopirox was obtained from Beaun/ Care Product Development; TSIN G0539.05 was used for the 
time-course experiments and TSIN G0539.06 was used for the dose-response experiment. Calf 
thymus DNA was obtained from Sigma Chemical Co. and [(methyl)-3Hl-thymidine (5 Ci/mmol) was 
purchased from Amersham. Other chemicals were of reagent grade or higher quality and their 
sources are indicated in the study notebook. 

a Animals and Dosing 

Male mice of the MutaTMMouse strain were received from Hazleton Research Laboratories at 
approximately 6 to 7 weeks of age, and were housed 5/shoebox cage on hardwood chip bedding. 
A 12 hr light/dark cycle (7:OO am to 7:00 pm) was maintained in the animal room L-42 in the 
Biological Testing Facility (BTF), and Purina Lab Chow and water were available 8d libitum. Room 
temperature and humidity were maintained to BTF standards (BTF SOP: ENV 3,4). The mice were 
carefully shaved using a small animal clipper, and only mice in the resting phase of the hair cycle 
(i.e. animals without obvious hair regrowth within two days of shaving) and without shaving nicks 
were used. The resting phase of the hair cycle occurs in many mouse strains during 7 - 9 weeks of 
age. Based on prior experience with female albino mice, we initially shaved the male mice used here 
at the beginning of the 7th week of age (1 st time-course experiment). However, when shaved at 
this time several mice had hair regrowth. Subsequently we shaved mice during the 8th week of age 
and did not have a problem with hair regrowth. After shaving mice were individually housed, and 
treatments were not begin until at least 2 days after shaving. 

The MutarMMouse strain has 3 coat colors: black, brown and golden brown, and mice of different 
colors were distributed as uniformly as possible among the various treatment groups. Mice were 
uniquely identified with the group and animal numbers, which were written on the tail with a 
permanent marker. Cages were also labelled with this information. 

Animal treatments 

Based on a preliminary range-finding aermal irritation study fB91-0116), the maximum dose of 
Octopirox evaluated was 7.5 mg. Octoprrox doses were applied to the shaved area in 0.1 ml of 
ethanol using a mrcroprpettor, and control mace were treated with ethanol. The dose solutions were 



dripped over the shaved area to achieve uniform coverage, while avoidrng the border so that the 
dose was not wicked into the surrounding hair 

Time-course Experiments 

Two experrments were conducted to establish the time of maximal inhibition of epidermal DNA 
synthesis after a single topical treatment with 7.5 mp of Gctopirox. In the first experiment mice 
were killed at the following times after treatment: 2, 4, 6, 6 and 20 hr (all it 10 min). At each time 
point there were 4 Octopirox-treated and 4 ethanol control animals. All mice were injected i.p. with 
1 &i/g body weight of jH-thymidine 1 hr ( f 5 mini before sacrifice as indicated in Appendix A. 
The dosrng of animals was staggered 5 min apart to allow injection and sacrifice at the correct 
times. Because of an error in sample labelling only 3 mice were evaluated at certain time points as 
indicated in Table I. 

In the second time-course experiment, mice were killed 1, 2, 3 and 4 hr after treatment. Again at 
each time point there were 4 Octopirox-treated and 4 ethanol control mice, with the exception of 
the 3 hr control group, where 7 mouse died immediately upon injection of the 3H-thymidine. 
Because of the need for the earlier time point, mice 1r1 thr second experiment were injected with 3H- 
thymidine as described above at 0.5 hr rather than 1 hr before killing. Data from a preliminary 
experiment using CD-l mice (Notebook VE-1418, pg 501 Indicated that there is little difference in 
the level of a 3H-thymidine incorporation into epidermal DNA when mice are killed 0.5 to 1 hr after 
1.p. injection of the labelled nucleotide. 

Dose-response experiment 

Groups of 10 mice were treated with the indicated oases of Octopirox, applied once to the shaved 
dorsal skin in 0.1 ml of ethanol as described above. The aosing was staggered so that mice were 
killed 2 hr after treatment, which was determined tc be the time at which DNA synthesis inhibition 
was maximal. All mice will be injected i.p. with 1 &I/C body weight of 3H-thymidine 1 hr (*5 min) 
before sacrifice. 

Because of the large number of mice used, this experiment was conducted over 3 days. On each of 
the first 2 days, 4 mice from each group were treater ant killed. On the third day, the final 2 mice 
from each group were treated and killed. 

Experimental groups were as follows: 

DOSE Img applied in C.i ml of ethanol) 

1 0 
2 0.075 
3 0.25 
4 0.75 
r. i 7.50 2.56 

The data from one mouse in Group 2 was not used because low acid soluble counts in the 
epidermal extract indicated that there was a problem with the injection of 3H-thymidine. 



Estimation of area of treated skirt 

r To allow the doses used in the dose-response experiment tc be expressed on a per cm2 basis, the 
area treated was estimated in the following way. Separate groups of mice were killed with CO2, 
then 0.1 ml of ethanol or 7.5 mg of Octopirox in ethanol was applied to shaved skin exactly as 
done above. The border of the treated area was market with a permanent ink marker, and then the 
treated skin was excised and laid flat. The marked ares was traced onto a piece of clear plastic 
film, and the areas were determined by G. M. Ridoer usrng image analysis techniques (report in 
Appendix D). 

Epidermal DNA Synthesis 

Epidermal DNA synthesis in wivo was determined by measuring the incorporation of 3H-thymidine 
into DNA by a modification of the methods of Bairo er a/. 1197 1) and Smart et a/. (1986). as 
described in detail rn Appendix A. DNA was determrned by the method of Burton (1968) as 
described in Appendix E, 

Statistics 

For statrstical analysis of data, analysis of variance was used, providing that Barlett’s test of 
homogeneity was not significant. Otherwise, Wilcoxor,’ c rank sum test was used (Snedecor and 
Cochran, 1967). Linear regression analysis was pertormed, using dose as the independent variable 
(Draper and Smith, 1981). This analysis included a check for lack of fit. All statistical tests were 
conducted at a 5%, two-sided risk level. Significance at the 1% and 0.1 Oh levels are also reported, 
where appropriate. A summary of statistical analyses is in Appendix C. 

IV. RESULTS 
* 

The results of the time-course experiments are summarrzed in Table 7 and Figure 1. From the first 
experiment it can be seen that a single topical applicatron ot 7.5 mg of Octopirox in ethanol caused 
a rapid decrease in epidermal svnthesis in MutaTMMouse, tollowed by a recovery and rebound to 
higher than control activity within 20 hr of dosing. in this experiment a maximal inhibition of 3H- 
thymidine incorporation into DNA (expressed as dpm/flg DNA) was observed at 2 hr after dosing, at 
which time DNA synthesis was inhibited 92%. tiecause of the extent of inter-animal variability, the 
effect of Octopirox was significant only at 2 and 4 hr after dosing. However, the measured levels 
of DNA synthesis remained below control activities untii at least 8 hr after dosing. At 20 hr after 
dosing the rate of DNA synthesis was 1.7-times the concurrent control level, but this difference 
was not statistically significant. 

To define more precisely the time of maximal inhibition of epidermal DNA synthesis, a second 
experiment was conducted, with more closely spaced sampling trmes between 1 and 4 hr after 
dosing. In this experiment epidermal DNA synthesis was inhibited 78Ob within 1 hr of dosing 
Octopirox. Again, the maximal effect was observed 2 hr after dosing (88% inhibition), followed by 
a recovery in the rate of DNA synthesis during the next 2 hr. In both the first and second 
experiments it can be seen that Octopirox was without effect on acid soluble dpm/mg of epidermis. 
This indicates that the inhibition of 9H-thymidine incorporation into DNA was not the result of 
inhibited uptake of the nucleotide, and supports the conclusron that Octopirox caused an inhibition 
in DNA synthesis. Also, the general consistency of the normalrzed acid soluble counts indicates the 
reproducibility of the technique used to inject the SH-thymidrne. 

The dose-response for the inhibition of epidermal DNA synthesis In MutaTMMouse is shown in Table 
2 and Figure 2. In order to allow the dose to be expresseo as pg,cm* L, the areas of skin covered by 
0.1 ml of ethanol or 7.5 mg of Octopirox In ethanol were oetermrned In groups of three mice, as 



described in Methods. The measured areas were 6.79 i 0.65 and 6.54 z 0.74 cm2, for the 
ethanol and 7.5 mQ Octopirox groups, respectively (data i S.D.i. These results indicate that the 
high dose Octopirox solution spread over essentially the same area as ethanol alone. Therefore, an 
overall mean value of 6.66 cm‘ was used to estimate dose on a pQ/cm2 basis for all dose groups. 

The dose-response for the inhibition of epidermal DNA synthesis by Octopirox was determined 2 hr 
after dosing, the time of maximal inhibitron by the high dose. All doses of Octopirox tested caused 
a statistical1 significant inhibition ot epidermal DNA synthesis. 

3. 
At the lowest dose (0.075 mg or 

1 1.3 pQ/cm 1 rncorporation of 3H-thymidine into DNA was inhibited 60.4%. A maximal inhibition 
of about 91% was achieved by the next higher dose (0.25 mg or 37.5 pQ/cm2). All the higher 
doses caused a similar inhibition of DNA synthesis of > 90%. Consistent with the data horn the 
time-course experiments, Octoprrox was without effect on acid solubie counts over the entire dose- 
range. 

V. CONCLUSIONS 

The data presented here demonstrate that Octopirox transiently inhibits epidermal DNA synthesis in - ____ ..- 
MutaTMMouse when applied In ethanol. The pattern observed, with a rapid inhibition followed by an 
apparent rebound to higher than control levels of DNA synthesis, is similar to that seen with other 
agents that inhibit epidermal DNA synthesis in mice, such as hydroxyurea (Suss and Maurer, 1968) 
and acetic acid (Slaga er a/., 1975). The increase in DNA synthesis above control levels observed 
20 hr after dosing was not statistically significant, but a similar effect was induced by Octopirox in 
CD-l mice (Binder et a/., 1992). The strmulation of DNA synthesis by Octopirox is also consistent 
with the observation that it induces hyperplasia in Muta T”Mouse skin (Study 891-0116). 

The highest dose of Octopirox tested (7.5 mg) was found previously to be the highest concentratron 
that could be applied to Muta T”Mouse skin once, without inducing ulceration (Study 891-01 16, 
and was considered a maximum tolerated dose. The data presented here demonstrate that this 
dose caused a maximal inhibition of DNA synthesis. In fact a 30-fold lower concentration, alsc 
produced a similar inhibition. 

We acknowledge G. M. Ridder for his skillful evaluation of treatment areas by image analysis, and 
A. Merritt and R. D. Bruce for statistical analysis. 

VI. ACKNOWLEDGEMENTS 

Robert L. Binder 

Date 
Roman E. Frank 



VII. REFERENCE! 

Binder, R. L., Erickson, A. A., and Frank, R. E. Studres on the potential of Octopirox to inhibit DNA 
synthesis In CD-1 mouse epidermis in vivc. Procter b Gamble, Research and Development 
Department Report, May 1992. 

Baird, W. M., Sedgwick, J. A., and Boutwell, R. k. Effects of phorbol and four diesters of phorbol 
on the incorporation of tritlated precursors into DNA., RNA, and protein in mouse epidermis. Cancer 
Res. 31: 1434-1439 (1971). 

Burton, K. Determination of DNA concentration with diphenyl amine. Methods in Enzymology 
12fPart B): 163-l 66 (1968). 

Draper, N. R. and Smith H. Applied Regression Analysis, 2nd Ed., Wiley, New York (1981). 

Slaga, T. J.,Bowden, G. T., and Boutwell, R. K. Acetrc acid, a potent stimulator of mouse 
epidermal macromolecular synthesis and hyperplasia but with weak tumor-promoting ability. J 
Nati. Cancer Inst. 55: 983987 (1975). 

Snedecor, G. W. and Cochran, W. G. Srafistical Methods, 6th Ed. Iowa State University Press, 
Ames, IA (1967). 

Smart, R. C., Huang, M-T., and Conney, A. H. sn-1 ,>-Dlacylglycerols mimic the effects of 12-0- 
tetradecanoylphorbol-1 S-acetate in viva by inducing biochemical changes associated with tumor 
promotion in mouse epidermis. Carcinogenesis 7: 1865-l 870 (19861. 

Suss, R. and Maurer, H. R. Reduced binding of carcrnogemc hydrocarbons to DNA of mouse skin 
during inhibition of DNA synthesis. Nature 217: 75i-753 (1968). 



c c 

0 

Table 1 Time-Course for inhibition of Epidermal DNA Synthesis by 7 .t mg of Gctopirox T  opicallv 

D 

Applied in 0.1 ml of EthanoP 

Hours dpm/pg DNA 
After Dosing Control Octopirox 

Acid Soluble dpm/mg Tissue 
Controi Octopirox 

2 200 i 5  (3) 

4 147 * 17 

6 121 k 37 

8 180 i 9  (3) 

20 101 + 32 

1 162i27 

2 207 i 37 

3 85 i 44 (3) 

4 94 i 47 

First Experiment 

16 i 1  (31E 1099 * 40 (31 1176*26(3) 

55 i 23c 1227+41 1279*43 

602 13 1153 f 11: 1156~ 54 

124 + 21 (3) 1313 i 54 (3) 1352 i 31 (3) 

173 i 13 (3) 1201 i 102 1265 i 24 (3) 

Second Experiment 

36 + 14c 1337 i 4S 1182 = 115 

18i 3c 1196 i 15; 1187~44 

28 i 2  1257 + 194 (3; 1374 i36 

56+ 1 1271 i40 1361 i 83 

* N =4, except where indicated otherwise in parenthesis. All values * S.E. 

B Significantly different from respective control value, p < 0.001. 

c Significantly different from respective control value, p-cO.05. 



Table 2. Dose-response for the Inhibition of Epraerm;: DRA Synthesis by Octopirox Topically 
Applied in 0.i ml of Ethanol 

Octoprrox DOSE 
w! flgicm- dpm/pg DNA’ %  lnhibitiort 

Acid Soluble dpmA 
mg tissue 

0 0 144220 C 1181 f 62 

0.075 11.3 57 i gE 60 1274i37 

0.25 37.5 13i2c 91 1187i-40 

0.75 112 82 lc 94 1163i35 

2.50 375 12*5c 92 1136i25 

7.5G 113C 1413‘ 9c 1175~67 

*N = 10, except for 0.075 mg Octopirox where h; = 9. Gata + S.E 

E Srgnificantly different than the control group, p<C.O: 

c Significantly different than the control group, pcO.00: 



I , L i 
0 4 e 12 20 

Hours After Topical Application 

Figure 1 . Inhibition of epidermal DNA synthesis in Muta rrrMouse by a single topical dose of 7.5 mg 
of Octopirox in 0.1 ml of ethanol. At each time point the activity in the Octopirox-treated mice is 
expressed as the percent activity in the concurrent ethanol control mice. The data in the main 
figure are from the first experiment and the inset represents the results of the second experiment 
described in Table 1. 
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C 3 1c 900 1000 
DOSE iflg/crn2:i 

Figure 2. Dose-response tor the inhibition of epidermal DNA synthesis in MutaTVlouse by single 
topical doses of Octopirox in ethanol. N = 9 or 16; error bars indicate S.E. 



APPENDIX A l D STANDARD PROCEDURE FOR MEASURING EPIDERMAL DNA SYNTHESIS 

11 All mice will be injected i.p. with 1 &i/Q body weight of 3H-thymidine (5 Ci/mmol) either 3C 
min or 1 hr (f 5 min) before sacrifice, depending on the experimental design. The 3H- 
thymidine will be prepared in isotonic saline at 0.8 pCi/pl, and will be injected using 50 PII 
Hamilton QaStiQht syringes with 25 gauge needles. 

2) The depilatory, NEET (Whitehall Laboratories), will be applied to the treated skin about 4 min 
before the time of sacrifice, and the mice will be killed with C02, then the NEET will be 
removed by washing with deionized water. The skin will be dried with paper towels, and the 
central portion of the treated area will be excised to ensure that only dosed skin is sampled. 
Epidermis will be isolated by scraping with a razor blade (Binder et Carcinogenesis 1Q: 
2351 - 2357, 1989). 

3) The epidermal scrapings from each mouse will be frozen in liquid nitrogen on the razor blade 
used for scraping, then weighed in a tared 1.5 ml microcentrifuge tube. The epidermal 
samples will be stored in a -800 C freezer until analysis. 

4) The epidermai scrapings from each individual mouse will be homogenrzed in 2.5 ml of ice-cold 
0.4 N perchloric acid (PCA) using a Polytron with a chilled PTlO generator (2 intervals of 15 
set at setting 6) in 16 X 125 mm plastic tubes. The hOmOQenateS will be immediately 
transferred to 12 X 75 mm polypropylene tubes, and kept on ice until the samples from all 
mice have been homogenized. All homogenates will be allowed to remain on ice for at leas! 

l 15 min before centrifugation. 

I) 

5) Tubes will be spun at 2500 rpm at 4O C for 10 min in a Sorvall GSA rotor (about 900 X Q) tc 
pellet the precipitate. 

6) The supernatant fractions will be carefully decanted and saved to estimate the soluble 3H- 
thymidine pool. During the drgestion of the acid precipitable fractions (below), the 
supernatant fractions will be centrifuged at 7500 rpm for 10 min to eliminate any 
contamination with acid precipitable material, then one 1 .O ml aliquots of the supernatants will 
be counted in 10 ml of Beckman Readysafe LSC cocktail. Quantification of 3H dpm will be as 
indicated below. 

7) The pellets will be washed in 2 ml of ice-cold 0.2 N PCA, by vortexing until they are well 
broken-up. Samples will be centrifuged as in 5) above. The supernatant fluids will be 
discarded. 

8) The pellets will then be washed twice in 2 ml of ice-cold absolute ethanol as in 5) above. 

9) After the final wash, the ethanol will be removed, and 2 ml of 0.5 N PCA will be added to 
each tube. The pellets will be resuspended by vortexing, taking care not to leave large pieces 
on the walls of the tubes. The tubes will be tightly capped, then heated in a waterbath at 90° 
C for 20 minutes, then vortexed again, and placed on ice for 10 min. The hydrolyzed DNA 
will be separated from protein and RNA by centrifuging for 10 mm at 7500 rpm in a GSA 
rotor, the supernatant fractions will be centrifuged again for 10 min at 7500 rpm. 

10) About 1.5 ml of supernatant will be carefully decanted from each tube. From each sample a 
1 .O ml aliquot will be counted in 10 ml of Readysafe cocktaii, and the remainder will be frozen 
in liquid nitrogen and stored at -80° C for DNA analysis by the burton method (Appendix Bi. 



14 
111 %-i dpm will be quantified in a Beckman LS5801 iiquiQ scintillation counter set to the standard 

tritlum window (channels 0 ” 400). The counter will have been calibrated with Beckman 
quenched tritium standards, and the H# method will be used to determine counting efficiency. 
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DIPHENYLAMINE ASSAY FOR DNA 
(A modification of the method of Burton [Methods in Enzymology 12: 163-166, 19661) 

Solutions 

1) 1.6% aqueous acetaldehyde 
1 ml cooled acetaldehyde + 50 ml deionized water (use pipette chilled in freezer, 
- -200 Cl 

2) Diphenylamine reagent (store at room temperature, stable for 3 - 4 months.: 
15 g diphenylamine dissolved in 1000 ml glacial acetic acid, then add 15 ml concentrated 
sulfuric acid. 

3) DNA standard (store at 4O C, stable for at least 6 months, check by measuring 
absorbance at 260 nm) 

Calf thymus DNA brought to a final concentration of 200 pg/ml in 5 mM NaOH, based on 
absorbance at 260 nm (1 .O AU = 50 pg/ml) not weight. 

4) Working DNA standard (stable for at least 3 weeks, store at 4O) 
Mix 5 ml of 200 pg/ml DNA standard + 5 ml 1 N perchloric acid (PCA), then heat in a 
sealed tube at 90° C in a waterbath for 20 min, then cool on ice. 

5) 1 N PCA 
42.9 ml 70% PCA, Q’S to 500 ml. 

6) 0.5 N PCA 
Dilute 1 N PCA, 1:2. 

- 
7) Working diphenylamine reagent, make fresh daily 

0.1 ml 1.6% acetaldehyde for every 20 ml diphenylamine reagent. 

Assay Procedure 

1) Standards and unknown samples are prepared in a final volume of 625 ~1 of 0.5 N PCA in 12 
X 75 mm plastic tubes. All tubes should have the same amount of PCA, so 0.5 N PCA is 
used to adjust the volume. 

2) The standard curve is constructed using 0, 50, 150, 200, 250 and 300 pg of the working 
standard DNA. 

3) For epidermal extracts, 225 fl of extract is adjusted to 625 ~1 with 0.5 N PCA. 

41 To each tube 1.25 ml of working diphenylamine reagent is added. lubes are sealed, 
vortexed, and then incubated in a waterbath at 30°C overnight. 

5) Absorbance is measured at 600 nm after - 17 hr. The spectrophotometer flow cell is zeroed 
with a 2:l mixture of glacial acetic acid and 0.5 N PCA. (Diphenylamine precipitates in 
water. I 



APPENDIX i 

Statistical Summary 
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Data summarized in Table 1 (pg. 91, 1 St experiment, Octopirox groups compared to Control groups. 
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nT ARQ44 COPTROt.  CARnS 

5 I -1 
1 -I 

1 -1 
1 -1 

1 -1 
1 -1 

2HRC : 2HRO 4wtc: 4URO 6HRC: FiHRO 
?OURC: 20n 

lltl-Ill MllTA MrlIISE TTWF: SI-IIIUSE 
IWA fip1/'Iq rlNA 

RHPC : nmn 

(SA~.~~.Ill 

?9 $ $ORPPAM 
2HR CONTROL 2HR OCTOPIROX 4UR CONTROL 4HR OCTOPIROX 
6HR CONTROL 6HR OCTOPIROX 11lfR ColaTRot. 4UR OCTOPIROX 
2OUR couT*ot. 2flHR OCTOPIROX 
991 4 SSfl1STc.M 
91 1 

94 1 
0’) 1 SI IMWLRV nc 9TATTSTICAL wAt.YsRs $SSTATRL 0 n-2 I 2 n 7 n 1 n 
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HI ISE TIHE COIIRSE - DNA dpm/uq ONA 

AVERAGE- 
POOLED 

114 .cin STD. DEV= 42.51 C.V.9 37.13% 
WARM. MEAt4 l..SD= 67.02 

GROIIP 
2HR CON-r 
2HR OCTO 
4HR CONT 
4HR OCTO 
6HR CON-r 
6HR OCTO 
4HR CONT 
OHR OCTO 
ZOHR CON-T 
YnuR ncTn 

POOLED 
AVERAGE STD.ERROR GRP.STD.DEV SIGN.DIFF. T PROR 

200.00 24.59 8.72 
15..53+ 24.59 1.64 

147.25 21.29 33.61 
54.53+ 21.29 46.43 

121.30+ 21.29 74.89 
59.65+ 21.29 26.08 

179.67 24.59 15.04 
124.13, 24.59 36.69 
101.1a+ 21.29 63.96 
173.00 24.59 22.an 

Sf-WRCE 

TOTAL 

UCM 
GROIJPS 
umrnv~r. 

SS 
6116611.938 
460302.511 
106031.113 

45314.563 

cONTRAST HO. 
2HRC:2MRO 

rnNTRA.ST NO. 
4HRC:4HRO 

CONTRAST NO. 
6HRC: 6HRO 

CONTRAST NO. 
nmc: I lHRO 

~fXVTR.A.ST NO. 
2nwtc: 200 

UO 
3 
3 
4 
4  
4  
4  
3  
3  
4  
3  

DF 

35 
1 
9 

Y5 

1 

2 

3  

4  

5  

COPTRAST l4S 
Ill.167 5nn7fG.043 

1.nn -1.on -R- -n- 
02.725 17195.152 

-R- -R- 1  .oo -1.00 
61.725 7619.951 

-R- -n- -R- -8.e 
55.533 Qh25.928 

-R- -n- -R- -n- 
-71.125 01141.7OR 

-R- -n- -6 -R- 

US 

11701.313 
111~.3fi2 

71.65 -35 96* 0  001 
67.02 -2 99' 0  048 
67.02 -6 12' 0  007 
67.02 -2 on 0  126 
67.02 -10 04' 0  001 
71.65 -2 03 0  130 
71.65 -3 47 0  064 
67.02 -3 05 0  052 
71.65 -1 on n  156 

c DROR 

6.407' o.nno 

t PROR T PROR FfLOP) PROR 
28.n56' O.OOil 35.96' a.no\ 

-R- -R- -R- -n- -R- -A- 
9.4113' n.on5 3.23' 0  020 

-R- -n- -a- -R- -n- -R- 
4.202 n.051 1.56 n.200 

1  .a0 -1.00 -fJ- -R- -n- -R- 
2.551 0.123 2.41 n.inh 

-R- -n- 1.00 - -1.00 -R- -n- 
4.117' 0.037 -2.09 0.107 

-R- -n- -A- -n- I.nn -1.00 

’ SICNIPTCANT ?-TEST OR T-TEST1 52RISK). T-TESTS USE WELCH’S PRWXDIJRE 
+ SlGIPIf .WfLT.COf4PIIPlS~N( 5laJSK, l’O0LED VARXAWEI,  MGTHOD=LEAST STCHTF. DIFP. 
nnaaI.~TT’s CWf -sty I 0 I-lF). 71.44* PROR-fl.Oll l l7fST.FRE~ OPTTON I$ I)snTcATEDl 
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Data summarized in Table 1 (PQ 91, ina experiment, Gctopirox groups comparea to Controi Qroups 
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GROllPl 1Cl CONTROL 190.0 
CROI!Pl lC2 CONTROL 18Cl.0 
GROtlPl lC3 CONTROL 190.0 
‘.ROIlPl lC4 COWTROt.  no.4 

GROUP AVERAGES 162.10 
STARDlrPD EPROM 77.24 

GROtIP2 101 OCTOPX 1.3 
GROIlP2 102 OCTOPX 43.9 
GROUP2 103 OCTOPX 69.0 
~.ROUP 2 104 OcmPX 20.3 

GRbttP AVERAGES 35.63 
STARD*PD ERU0R.S 14.18 

GROUP3 2CI CONTROL 163 .O 
GROUP3 2c2 CORTROL 141.0 
GROUP3 2C3 CoWTRot 201.0 
r .ROUP3 2c4 comunr. 309. n  

GROUP AVERAGES 206.75 
STANDhDD ERDDRS IK.45 

c.ROUP4 201 OCTOPX 13.7 
CROUP4 202 OCTOPX 26.5 
GROUP4 203 OCTOPX 12.1 
GROUP4 204 OCTOW 20.4 

GROfJP AVERAGES 11.lR 
STANDhPD EWPORS I.31 

GROUPS 3Cl CONTROL 07.4 
GlmWP5 )C? CONTROL 3.4 
Tnorrr5 IC4 CONtPnt. 153 n 

C.ROffl’ AllZllAGES *4 Kfl 
clTANn*“n cenrrps 41 KC 

GROIIPK 101 O’TOI-X ?K .o 
c.Pn~1l-c In? OCTOPX In .T 
r,Pr)tlPfi Jnl OCTOPX 21.9 
-:PntlPF, If-74 “C7nl-V I1 n 

c.rh-lUP X’JERAGES 77 711 

STANI-I~PI-I CUnORS 7.22 
GROUP7 1c1 COWTRDL 179.0 
CROUP7 1c2 CONTROL 9.9 
GPOUP? iC3 CONTROL 14.h 
r.ROtJP7 4c4 CONTROL 172.0 

CROUP AVERAGES 93.88 
STANDARD ERRORS 47.16 

CROUPI 401 OCTOPX 55.0 
GROUP8 402 OCTOPX 59.3 
GROtJP.¶ 403 OCTOPX 55.9 
GROUP8 404 OCTOPX 52.6 

GROUP AVERAGES 55.70 
STANDARD ERRORS 1.19 



E TIME COVRSE - DNA dpm/uq DNA 

AVERAGE- 
POOLED 

15.61 STD. DEV= 
HARPI.Wt?AW LSD- 19.77 

QROVP 
IHR 
IHR 
2HR 
2HR 
3HR 

3HR 
IHR 
IUP 

Q’WRC?i  
TOTAL 
MEAN 
GROUPS 
owtn~~~r, 

CON7 
Oc70 
CON7 
OCTO 
CON7 
ocro 

CON7 
on0 

cnrrZRAS7 UO. 
1HRC:lHRO 

C’W7RASt 10. 
2HRC:ZHRO 

cnmms7 NO. 
IHRC: 3HRO 

CWtTRASt RO. 
4HRC:4IIRO 

CO 
4 
4 
4 
4 

3 
4 
4 
4 

D? 
31 

1 
7 

71 

1 

2 

1 

4 

AVERAGE 
162.10 

35.63+ 
206.75 

10.16C 
84.60 
27.78, 
93.16 
55.70* 

9s 
420295.750 
227182.406 
127520.660 

65592.664 

MS f PROR 

111217.240 6.361. n. onn 
2851.655 

‘WWRWT US F PROR T PROR rlr.oF, ounfl 

126.475 31991.154 11.21n n.003 4.12. n.nli 

1.00 -1.06 -R- -B- -R- -n- -I- -A- 

166.575 71121.063 24.939' n. eon 5.15’ 0.014 
-R- -n- 1.00 -1.00 -"- -R- -R- -R- 

56.825 5535.566 1.941 n.177 t.3n 0.323 
-R- -6- -R- -8- 1.00 -1.nn -R- -R- 

38.175 2914.661 1.n22 0.323 0.41 a.470 
-R- -n- -R- -R- -n- -n- 1.00 - -1.00 

53.40 c.v.9 62.31t 

POOLED 
STD. ERROR 

26.70 
26.70 
26.70 
26.70 
30.n3 
26.70 
26.70 
26.70 

GRP.STD.DEV SIGR.DItF. 
54.47 
26.37 78.16 
72.69 78.16 

6.61 76.16 
75.62 84.42 

4.43 76.16 
04.32 76.16 

2.77 71.16 

7 PRO6 

-4.12' 0.011 
0.96 0.367 

-5.25' 0.013 
-1.51 0.216 
-4.92' 0.016 
-1.25 0.266 
-3.9n* n.030 

l SIGNIP~CANT F-TEST OR I-TESTI 51;RISK). T-TESTS USE WELCH’S PROCEDURE 
+ S~GNI~.WILT.COMPARI.S0N( 51RISK. POOLED VARLANCEt ,  ?lETHOD=LEMT SICNIP. DfFP. 

m&P CDAPW PLOT. APPPnXTMATE LSD’S 

Tn.000 ln.oan so 
r.unsrn 4. --.. ---- --- L--------- 

1 
IHP rnwr 

17.27' PROR=O.OOtl lDIST.PREE nPTIOlO IS IPDlCATEDl 

5 PERCEHT RISK LEWLI 

non 9n .nnn 13n.noo 17n.non 2i4.000 250 .nnn 
-----.__-_ +--------~+ ----I-_ ---c -I---.^- ---A .----------a 

IILCILIL*C~ICCILLIII1 

2 
1 HU 

3 
7HR 

4 
?NR 

5 
3HR 

h 
Ill0 

7 
IHR 

n 
I r,n 

mTTn IIbCLLLZI’C++++&4++1 

cntw L+*~~~~~~e’+LII+~~++L 

OCTO LIIC~LLLIIILILCIIIIII 

COUT CL**+CIILIZI*CL++L*~+C1+ 

ncTn *~*L*I*II*LI+*C+~+** 

m m  •++*+~~+~2bLI++++L+++ 

nc*n *++++*+++.t+++++++++ 
+---------+--------- *---------+---------+--^--^------~---~- . -& .--------+ 

-30 .nnn ln.nnn 50.000 90.000 13n.nno i7n.nnn 7in nnn 2sn.nnn 



SfIHHARi nP STATTSTICAL ANALYSES 

1UR 
COAT 

w 4  

1RR 
nrrn 

4  
COWT 

4  

WA dpn/ AVG 162.1 35.6’ 206. I) 111.2’ 64.6 
8-1 nWA SE 77.2 14.2 36.4 3.3 43.7 

VROR 0.011 0.367 n.ni3 n.216 

3UR 
rrTn 

w  4 

AVG 27.0. 
SE 2.2 
“RC)R n.nlK 

4UR 
CORT 

4  

93.9 
41.2 

n. 26l 

4HR 
ncTo 

4  

55.7* 
1.4 

n.n3n 

OTHER TESTS PROR 

1mc: 1HRO ri.o11* 
2mc: 2HRO 0.014* 
3HRC : JHRO 0.323 
IHDC: 4HRO n.471 

SYMRnLS APPEARIWQ Rf CROUP hVERAGES/NEDIAWS f)rbLCATE t-)IrrEREWES CROM IUR COWT 

* ‘* l ** IXPW’E SIr,WtPtCACCR RP NORMAL DfSTII. METHODS wTTA Pc.nS,.ol,.fInt RESPECTIWLY . . 



Data summarized In Table 2 (pi 101, Octopiror-dosed groups compared to Control groups 



B Frcun CH P 811944 COIOTROL CASDS 
1 1 -1 

m 
3/27/92 
2 

0 0.15 2.5 7.5 2s 75 
1 6-111 STlIWfIl?7707 

dpWw 
1 

(5A4,Fr;.nl 

99 $ SGRPUM 
CORT~n~. 0.75HG 2.5na 1.5UG 
75yr. ~F.flMG 
901 6 SSU1STc.M 
93 1 
04 1 
nn 1 wwww nr STATTSTICAL Amr.vs~s SSSTATRL 0 o-2 I 2 2 2 0 n n 



COIQTROL 
MIDPOIIVT 

310. 
290. 
270. 
250. 
230. XX 
210. 
190. x 
170. x 
150. x 
130. xx 
110. xx 

90. 
70. 
50. 
30. 
tn. x 

P 10 9 
AVEPAGE 143.69 56.87 
STD.DEV 52.21 25.84 
UIAIWtl 17.3 19.11 
MAxlmlw ??6.6 nr.n 

0.75nc. 

xx 
xxxx 

xx 
X 

- mv~9 

2.5MG 

l 
0 /92 

7.5r4G 25nG 75.ona 

X 
X xx 
xxxxxxxxx xxxxxxxxxx xxxxxxxxx xxxxxxxx 

10 In IO 10 
13.21 0.41 11.97 14.22 

5.30 3.44 15.31 16.5cl 
5.5 1.1 0.2 4.2 

23.0 14.2 54.3 31.9 



1 : 

GROVP 1 1 CDUTROL 222.0 
GROWJ 1 2 CONTROL 17.3 
GROIJP 1 3 CORTROL 104.1 
GROUP 1 4 CORTROL 114.5 
GROUP 1 5 CONTROL 140.0 
GROllP 1 I; CORTROL 175.n 
GROUP 1 7 CONTROL 123.0 
GROIJP 1 n COUTROL 121.4 
GROUP 1 9 CORTROL 226.6 
GROtJP 1 10 COWCR~J. 105.2 

GROUP AVERAGES 143.69 
SThPnARD RRRORF lo.67 

CRO!JP 2 1 0.75 no.0 
GROUP 2 2 0.75 25.1 
GROUP 2 3 0.75 61.7 
GROIJP 2 4 0.75 27.6 
GRtJIJP 2 5 0.75 R11.0 
GROIJP 2 6 0.75 15.9 
GROUP 2 7 0.75 19.8 
GROIJP 2 I) 0.75 62.9 
GROUP 2 9 0.75 10.6 
riROllP 7 10 0.75 -.- 

GRf'NJP AVISRAGES 56.87 
STAllnAPn 4RROWS I.61 

GROUP 3 1 2.5 73.0 
r.lat-vFP 3 2 2.5 9.K 
GRfVFF 3 7 7 S 15.3 
nROlJP 3 a 7 5 q.5 
nnnrrr 3 5 7.5 I?.4 
GRrMJP 1 6 1.5 IS.1 
GRO~FP 3 7 7.5 8.5 
GROIIP 3 R 2.5 0.4 
GROlJP 3 9 2.5 17.5 
C.ROlJP 1 1n 2.5 12.r 

GROIJP AVPRAGES 13.21 
STAWW-33 SRPODS 1.70 

GROJJP 4 1 7.5 11.7 
GRCWP 4 2 7.5 7.5 
GROIJP 4 3 7.5 9.1 
GROIJP 4 4 7.5 10.0 
GROIJP 4 5 7.5 5.5 
GROUP 4 6 7.5 9.9 
GROUP 4 7 7.5 1.8 
GROUP 4 II 7.5 14.2 
GROUP 4 9 7.5 7.8 
GROUP 4 10 7.5 6.6 

GROUP AVERAGES 8.41 
STMDARD ERRORS 1.09 

GROUP 5 1 25 10.0 
GROUP52 25 13.5 
GROUP 5 3 25 7.3 
GROUPS4 25 54.3 
GROUP55 25 6.6 
c.ltOlIP 5 6 25 a.2 

6 GROIIPS WTTH SIZES 10 la 10 10 10 10 
/Q2 





POOLED 
AVERACE~ 41.11 STD.DEV- 
rrnuw. WKriP r.,sn- t*.01 

GROIIP PO 
cnwmor. 10 
0.75uG 9 
2.5UG 10 
7.5tc 10 
25UG tn 
75.nnc 1n 

AWRAGE 
143.69 

56. B7+ 
13.21+ 

0.41+ 
11.97+ 
14.27~ 

+-WRCE D? SS 
TOTAr. 59 265154.094 
USAIQ 1 99819.641 
CROVPS 5 141660.094 
W!STlWAl, 53 43674.344 

I c 92 - dpWw 

JR.71 c.a.= KO.794 

POOLED 
STD.ERROR GRP.STD.DW SlGP.DIPP. T PROR 

9.08 62.21 
9.57 25.84 26.48 -4.04’ 0.002 
9.08 5.38 25.77 -6.61. 0.000 
9.01 3.44 25.71 -6.07’ O.OQO 
9.fln 15.37 25.11 -K.50. 0.000 
Q~llR lfJ.SR 25.77 -6.40. n.nnn 

us r PROR 

2R332.020 14.11)2* n.nnn 

r(2a 

~EGPESSIOP CWlPOIF.RTS OF C.RDUPS SW4 Ot SQS. 

X-"ALIIES llscn RElnu: l-J.00 0.75 2.50 1 
LIR. R&xl. 1 21985.684 21985 
LACK OF l’TT 4 119674.414 29918 
QIIADRATTC 1 20949.1148 28949 
l.At-K OF FIT 1 Qfl724.5K3 30241 

n44 

.50 25.00 75.00 
ka4 26.680’ 0.000 
604 36.307’ fl.floo 
648 35.131' 0.000 
521 3K.K90’ n. non 

l SIGRIFTCM ?-TEST OR T-TSSTI 5tRISK). T-TESTS 1fSG #eLC?i'S PROCEDURE 
+ 510RIr.M,LT.COnPARIS"A( 5tDlSK, POOI.R:n VARIABCE), METHOD-LEAST SlGPTr. DI?P. 
"4PTr,F+-r~ c r-*x, cg I q nllr n1.11- PPnR-O.~fl~lnTST.?P~~ OPTTOP TS T)aPTCATFnb 

C.P?mrv 

1 
CONTROL 

2 
0.75UG 

3 
2.SUG 

4 
7.sl4 

5 
25UG 

6 
%.nm 

io.nno m.nno 5n.onn an.nnn ifo.nnn i4o.nnn i7n.nnn 2nn .nno 
L ..- .---- A-- -___ I--.- ^. .--- &.- _._. -----,-A-- -....- ----+ ~ ,--.. -, --a..----- ..^.___ 1 

++++*++a++ 

++++*+++++ 

+++++a++++ 

++++‘A+++ 

++++*+++++ 

++++‘++++ 
+-------+--------+--------+---------+-------+---------+-------* 

-tn.nnn sn.nno 5o.nm 8Il.OtM 110.000 14n.non 17o.oan 2nn.nnn 



- fjP=/uq 

w 
e 92 

nlSTRIRwrTm-WfER MICTIPLK COMPARISOWi 

GROUP SO f#EDIM RNVK SUN RARK AVE GRP-COIPT SIGN DIW 
cnmItor. 10 134.20 s29 .o 52.90 0.00 15.20 
0.75nr. 9 62.90 404.0 44.89 -8.01 15.47 
2.5nG 10 13.10 261.0 2ti.10*+ -26.80 15.05 
7.5m 10 6.45 169.5 it3.95*+ -33.95 15.05 
25mi 10 7.50 169.0 16.90*+ -36.00 15.05 
75 .nwc 10 9.05 237.5 23.75*+ -29.15 i5.m 

KRUSKAL-WALLIS STMLSTIC- 37.98. (cl?= 5) PR0B=0.000 
?-RATIO ElMEn 011 RANKS= 20.10. (Db 4.90, 51.91) PR08~0.000 
J~MCKURKRE’S STATISTIC- 299.0' (CHPrJvrr- 1151.0~ PROR=o.Onn Mvll 

l DK?JOTES SIGNIIICNWK AT 5.t RISK. IV GROUPS ARK OF EQUAL SIZR TURR 

nIWKREACKS IRDICATKD BY + MY ALSO BK CO!WIDKRKD SIGIII?ICAlfT. 
~~WVARTS~RS a~* msKn OR Am ANALOG 01 mK Lsn. 

nTfTRTR”‘TTnR-FUKF PAlR-WISK COMPARlSnWS WlTR COKTROL GRfWP 

GROUP 
n.75140 
2.5nc. 
7.5nG 
25nG 
75. nw7 

RAUU sun II ZfTI) PROR P(G>C,W D- D  PCTILK PRO0 
54.0 9.0' -2.92 0.002 0.100 0.100 0.900 0.900' 100 0 0.001 
5n.o 3.0. -3.53 0.000 0.030 o.oon 0.900 0.900* 100 0 0.001 
55.0 0 .o* -3.76 O.O?O 0.000 0.000 t.000 1.000' 100 0 0.000 
56.0 1.0. -3.69 0.000 0.010 0.000 0.900 0.900* 90 0 0.001 
50.n 3.0. -3.s3 n.oon o.nm n.onn n.wn n.onn* inn n n.ool 

RAU GRAmI PLOT. APPROIIMATK Un’Sf 5 PLRCLNT RISK LKVKL) 

0.000 17.000 25.000 33.000 41.000 49.000 57.000 65.000 
+----------+--------A------+-----+--- -----+-------+-----+ 

2&G LII++++AL+*+U+IIIIC 
6 

75.nwc. ++~++C+++*C+++++4++ 
L-----------+ ------+------+-----+------+------+~----+---~----+ 

0.n0ll i7.nnn 75.nn0 33.nnn 43 .nnn to.nnn 57.nnn c5.nnn 



ab 
STUDY 

SWVlARV STATISTICAL AWALVSES 

P 

cnwTunr. n.75w ?.5?4G 7.5wc. 25nc 75.ntlc. 
f tTHER TESTS PROR 

10 9 10 in In 10 

AVG 143 
SE 10 
DROR 

.7 56.9++ 13.2~~ 0.4+++ 12.0&L+ 14.2*&L I . IPEAR RRGRFZSSIOP n .nnn***~ 

.7 8.6 1.7 1.1 4.9 3.3 
n.nn7 n.nno n.non n.nnn n.nnn 

W 
0 l/92 

S”MRr)I.S FPPEARIPG RP GROUP A~ERAGESflEDIANS IPDICATE ~IFPEREWXS FROM CONTROL 
l '* l '* DENOTE SIGIPIFICARCE BY NORHAL DISTm. WXFIODS WITH P<.05,.0l,.Onl RESPECTIVELY . , 
*.a+,+++ WZVOTE SIGWIIICARCS BY DISTN.-FREE METHODS orITlt PC.n!i,.nl,.onl RESPRCTJ~E1.Y 
T WWOTNS STGRTITCAWT I.ACX OF-PIT TEST AT PC.05 



APPENDIX I 

INTERDEPARTMENTAL CORRESPONDENCE 

From: G. M. Ridder Date: 1 O/29/9: 

To: A. Erickson,R. L. Binder Retention Limit: 

Subject: mn of Skin bv Iv ‘c 

Below are measurements of the skin treatment areas that you tracea onto overhead transparencies. 
The image analysis system used was the Pathology workstation consisting of TCL-image (Version 
4.6 Biological Detection Systems) software running on a Macintosh llfx computer (Apple). The 
areas in square centimeters were determined by placing the transparencies onto a lighted 
macrostand and acquiring the image s trom television camera (Sony DXC327Hj. The results (in 
cm2) were calibrated by measuring the total area of a 4 cm2 region of graph paper and ratioing the 
pixel areas of the samples to the pixel area of the scale (average of five measurements of the scale). 
(Notebook Reference: VE 1386 pg133). This work was performed October 28, 1991) 

Sample 1 Area(Pixels)/ Area(sq cm) 
bScale I 578571 4.00 
Scale 574111 4 .ool 
Scale 1 575731 4.03 
Scale 579011 4.ooi 
,Scale 574281 
Skin 1-I A 885731 ._ 
Skin l-2 I 974551 
Skin l-3 1073031 
Skin 2-l 854601 5.93 
Skin 2-2 I 910811 6.32, 
Skin 2-3 I 106018~ 7.36 
Skin 2-3 Back 1 1110671 7.71 

G. M. Ridder 



**** RESTRICTED DATA **‘* 
View Report 

1 WTDS STUDY SUMMARY 1 

TSIN I Test Material Name 
G0539.05 1 OCTOPIROX 

WTDS Accession Number: 36907 Archive Location: 1563 and WACOOZOn 

DRD: 
Sector: 

Category: 
Site: 

Division: 
Toxicologist: 

Test Type: 
Test System: 

TSCA 8(e) Status: 

BYCR 856s 
Unavailable 
Unavailable 
Unavailable 
HUMAN AND ENVIRONMENTAL SAFETY DIVISION 
BINDER, R.L. 
LACZ MUTANT FREQUENCY 
MUTAMOUSE TISSUE 
A -- REVIEWED - NO REPORTABLE INFORMATION 

Study Title: LACZ MUTANT FREQUENCY 
Lab Study Number: YB-1402 B91-0153 1 Report Date: 04/27/1992 
Study Dates: 
Performing Laboratory: MIAMI VALLEY LABORATORIES BIOLOGICAL TEST FACILITY 
Text Summary: DOSE GROUP, NLJMBER, CONCENTRATION 

1, 10,o 
2, 10,0.075 MG IN 0.1 ML ETHANOL 
3, 10, 0.25 MG IN 0.1 ML ETHANOL 
4, 10, 0.75 MG IN 0.1 ML ETHANOL 
5, 10,2.50 MG IN 0.1 ML ETHANOL 
6, 10, 7.50 MG IN 0.1 ML ETHANOL 
EPIDERMAL DNA SYNTHESIS IN MUTA(TM)MOUSE WAS 
DETERMINED BY MEASURING THE INCORPORATION OF 
3H-THYMIDINE INTO DNA. A DOSE OF 7.5 MG OF 
OCTOPIROX APPLIED IN 0.1 ML OF ETHANOL, CAUSED A 
RAPID INHIBITION OF EPIDERMAL DNA SYNTHESIS, WITH 
A MAXIMAL EFFECT 2 HOURS AFTER DOSING. THIS WAS 
FOLLOWED BY AN APPARENT REBOUND TO HIGHER THAN 
CONTROL LEVELS OF DNA SYNTHESIS WITHIN 20 HOURS. 
ALL DOSES OF OCTOPIROX TESTED CAUSED A 
STATISTICALLY SIGNIFICANT INHIBITION OF EPIDERMAL 
DNA SYNTHESIS. THE LOWEST DOSE (0.075 MG OR 11.3 
UGKM(2)) CAUSED A STATISTICALLY SIGNIFICANT 
INHIBITION OF EPIDERMAL DNA SYNTHESIS. THE LOWEST 
DOSE (0.075 MG OR 11.3 UGCM(2)) CAUSED ABOUT A 
60% INHIBITION OF THE INCORPORATION OF 
3H-THYMIDINE INTO DNA. DOSES FROM 0.25 TO 7.5 MG 
(37.5 TO 1130 UGICM(2)) ALL CAUSED A MAXIMAL 
INHIBITION OF EPIDERMAL DNA SYNTHESIS OF >90%. 



0 
Test Material: 1 OCTOPIROX 

Orlgmal summary was prepared as a text document and subsequently reformatted to the tabular summary format. 


